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Abstract 
Neél skyrmions originate from interfacial Dzyaloshinskii Moriya interaction (DMI). Recent 
studies have explored using ferromagnet to host Neél skyrmions for device applications. 
However, challenges remain to reduce the size of skyrmion to near 10 nm. Amorphous rare-
earth-transitional-metal ferrimagnets are attractive alternative materials to obtain ultrasmall 
skyrmions at room temperature. Their intrinsic perpendicular magnetic anisotropy and tunable 
magnetization provides a favorable environment for skyrmion stability. In this work, we employ  
atomistic stochastic Landau-Liftshitz-Gilbert (LLG) algorithm to investigate skyrmions in GdFe 
within the interfacial DMI model. Despite the rapid decay of DMI away from the interface, small 
skyrmions of near 10 nm are found in thick ~ 5 nm amorphous GdFe film at 300K. We have also 
considered three scenarios for the sign of DMI between Gd-Fe pair. It is revealed that 
antiferromagnetic coupling in the ferrimagnet plays an important role in enhancing the effect of 
interfacial DMI and to stabilize skyrmion. These results show that ferrimagnets and 
antiferromagnets with intrinsic antiferromagnetic couplings are appealing materials to host 
small skyrmions at room temperature, which is crucial to improve density and energy efficiency 
in skyrmion based devices.  
Introduction 
Magnetic skyrmions are topologically protected spin textures. Their potentials in advancing 
memory density and efficiency have drawn extensive investigations in recent years1-24. In 
magnetic materials, skyrmions are stabilized through Dzyaloshinskii Moriya interaction (DMI)25-26. 
DMI is generated by either intrinsic or interfacial effect. Intrinsic DMI arises in non-
centrosymmetric crystal, such as B20 alloys, where Bloch skyrmions are found to exist in MnSi 
and FeGe at low temperature13-14. Interfacial DMI originates from interfacial layer with strong 
spin-orbit coupling. Multilayer stacks, such as Ir/Fe/Co/Pt and Pt/Co/Ta, are found to host ~ 50 
nm Neél skyrmions at room temperature15-16. Several challenges remain in developing skyrmion 
based memory and logic devices. For example, further reduction in skyrmion sizes is needed to 
optimize skyrmion based devices. However, the stability of small skyrmion at room temperature 
becomes a problem. Thicker magnetic layers are required to increase stability17-18. For 
ferromagnet/heavy metal multilayer stacks, increase in thickness of magnetic layer can lead to 
the loss of interfacial anisotropy and the reduction of the strength of DMI52-55. Both are critical 
for skyrmion formations. Moreover, skyrmions Hall effect can provide great challenges on 
moving skyrmions in electronics devices19-22. To overcome these challenges, one needs to 
explore more materials.  
Amorphous rare-earth-transitional-metal (RE-TM) ferrimagnet is one of the potential materials 
to overcome these challenges. Several properties of RE-TM alloys provide favorable 
environment to host small skyrmions at room temperature. Their Intrinsic perpendicular 
magnetic anisotropy (PMA) 27-30 gives a crucial advantage in stabilizing small skyrmion by 
allowing the use of thicker films (~ 5 nm). However, the effectiveness of interfacial DMI 
decreases significantly away from the interface52-55. Besides PMA, the magnetization of RE-TM 
alloys vanishes at the compensation temperature31. With near zero magnetization, the skyrmion 
Hall effect is vastly reduced. Another advantage of RE-TM alloys is the access to ultrafast 
switching32-39. Recently, all-optical switching helicity-dependent has been demonstrated in RE-
TM alloys using a circularly polarized laser32-35. This gives an additional tool to control spins in 
future devices. RE-TM alloys have begun to draw interest in the field of skyrmions research. 
Large skyrmions of ~ 150 nm have been observed in Pt/GdFeCo/MgO23, and skyrmion bound 
pairs are found in Gd/Fe multilayers24. Further tuning is needed to reduce the size of skyrmion in 
RE-TM alloys. To guide experiments, numerical model has served as an important tool, 
especially for complex systems such as RE-TM alloys34,40-44. Several methods, such as atomistic 
Landau-Liftshitz-Gilbert (LLG) algorithm34,40-43 and micromagnetic Landau-Lifshitz-Bloch (LLB) 
algorithm44, has been employed to provide deeper understanding of magnetic properties in RE-
TM alloys.  
In this study, atomistic LLG algorithm34,40-43 is employed to study properties of skyrmions in GdFe 
with interfacial DMI. Although the sign of DMI at ferromagnets/heavy metal interface is well 
studied44-51, the sign of DMI involved ferrimagnet remains complex. Here, we consider three 
scenarios for the DMI between Gd and Fe (DGd-Fe). First, the influence of DMI between 
antiferromagnetic pair is excluded by setting it to zero (DGd-Fe = 0). Second, DMI between 
antiferromagnetic pair is set to the same sign as DMI between ferromagnetic pair, where DGd-Fe > 
0. Finally, the case of DGd-Fe < 0 is considered. Furthermore, to incorporate DMI being an 
interfacial effect, an exponential decay DMI is utilized. Simulation results find that near 10 nm 
skyrmions remain robust in ~ 5 nm GdFe at room temperature. This demonstrates that 
interfacial DMI remains prominent in thicker ferrimagnet samples, which is critical in stabilizing 
small skyrmions at room temperature.  
Simulation Model 
The classical atomistic Hamiltonian H in Eq. (1) is employed to investigate magnetic textures in 
amorphous ferrimagnets.  
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Where       are the normalized spin at site i, j respectively,      are the atomic moment at 
site i, j respectively. Atomic moment is absorbed into the following constant,             is the 
exchange interaction,            is the DMI interaction and         is the anisotropy.     
and       is the external field and demagnetization field respectively.  
Only nearest neighbor interactions are considered in exchange and DMI interactions. Periodic 
boundary condition is enforced in x and y direction. To find the ground state, spins are evolved 
under the stochastic Landau-Lifshitz-Gilbert (LLG) Equation as shown in Eq. (2), and the constant 
parameters used in the simulation are listed in Table 1. 
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Where   is the gyromagnetic ratio,   is the Gilbert damping constant,      is the effective 
field,   is the Gaussian white noise term for thermal fluctuation and   is the saturation 
magnetization. 
To incorporate the amorphous short range order, an amorphous structure of a 1.6 nm x 1.6 nm 
x 1.6 nm box containing 250 atoms is generated from ab initio molecular dynamics calculations 
by Sheng et al.56. Fig. 1 shows a plot of RE and TM atoms in the amorphous structure. Replicas of 
this box (32 x 32 x 1) are placed next to each other to expand the simulated sample to 50.7 nm x 
50.7 nm x 1.6 nm and 256000 atoms. For a 4.8 nm thick sample, replicas of the box are also 
placed in z-direction, and the total number of atoms is 768000.  
Results and Discussion 
With ferromagnetic DMI (DGd-Gd and DFe-Fe) remains positive, three scenarios of antiferromagnetic 
DMI (DGd-Fe) are considered. Samples of 50.7 nm x 50.7 nm x 1.6 nm are simulated using 
atomistic LLG equation from Eq. (2) at 0 K. Fig. 2 shows the equilibrium spin configurations at 0 K. 
For DGd-Fe = 0 and DGd-Fe < 0, skyrmion’s radius increases as DMI increases and becomes stripe at 
large DMI value, which behaves similar to a ferromagnet17-18. On the other hand, with DGd-Fe > 0, 
same sign as DGd-Gd and DFe-Fe, the trend of skyrmion sizes is somewhat different. At small DMI 
value, skyrmion’s radius increases as DMI increases. However, at large DMI value, skyrmion’s 
radius decreases as DMI increases, which is different from what observed in DGd-Fe = 0 and DGd-Fe 
< 0, and in a ferromagnet. For a given DMI value, the radius of skyrmion is also different for the 
three scenarios, where smallest skyrmions are found with DGd-Fe > 0, and the largest skyrmions 
are found with DGd-Fe < 0.   
To understand the intriguing behavior of skyrmion’s size in ferrimagnet, in-plane spin 
configurations and the chirality of skyrmion’s wall are investigated. Fig. 3 summarizes the 
chirality of skyrmion wall at 0 K. With DGd-Gd, DFe-Fe > 0 and DGd-Fe = 0, for Fe sublattice, the spins in 
the skyrmion’s wall are turning counter-clockwise. For Gd sublattice, the spins in the skyrmion’s 
wall are also turning counter-clockwise. This can be explained by the dominance of exchange 
interaction in the system. Antiferromagnetic couplings between Gd and Fe align the spins of Gd 
and Fe in nearly antiparallel direction, with small canting due to presence of DMI. Identical 
behavior is observed with DGd-Gd, DFe-Fe > 0 and DGd-Fe < 0, where spins in both Gd and Fe 
sublattice are turning counter-clockwise across the skyrmion’s wall. With DGd-Gd, DFe-Fe > 0 and 
DGd-Fe > 0, the chirality of skyrmion’s wall is opposite to what observed in DGd-Fe = 0 and DGd-Fe < 0. 
The spins in both Gd and Fe sublattice are turning clockwise across the skyrmion’s wall.  
In order to determine the reason behind the change in chirality, the total DMI energies of each 
nearest neighbor pair are computed using equilibrium configurations at 0 K. Table 2 summarizes 
the sign of total DMI energies of different nearest neighbor pair. With DGd-Gd, DFe-Fe > 0 and DGd-Fe 
= 0, the total DMI energy between Gd and Gd pair EDMI(Gd-Gd) and Fe and Fe pair EDMI(Fe-Fe) is 
negative, and the total DMI energy between Gd and Fe pair EDMI(Gd-Fe) is zero. This means that 
with DGd-Gd, DFe-Fe > 0, it is energetically favorable for spins to turn counterclockwise across 
skyrmion’s wall.  EDMI(Gd-Fe) is zero because DGd-Fe is set to zero. With DGd-Gd, DFe-Fe > 0 and DGd-Fe > 
0, EDMI(Gd-Gd) and EDMI(Fe-Fe) is positive, while EDMI(Gd-Fe) is negative. This implies that it is 
energetically favorable for Gd-Fe pair to turn clockwise across skyrmion’s wall, but it is 
energetically unfavorable for Gd-Gd and Fe-Fe pair to do so. This means that in a ferrimagnet, if 
the DMI of ferromagnetic pair and antiferromagnetic pair has the same sign, cancellation of DMI 
occurs because it is preferable for ferromagnetic pair to turn in opposite direction of 
antiferromagnetic pair. With DGd-Gd, DFe-Fe > 0 and DGd-Fe < 0, all three terms EDMI(Gd-Gd), EDMI(Fe-
Fe) and EDMI(Gd-Fe) is negative, so turning counterclockwise is energy favorable for both 
ferromagnetic pair and antiferromagnetic pair in a ferrimagnet. These differences in sign of total 
DMI energy also explain the size of skyrmion in all three scenarios. For a given DMI, skyrmions 
are smallest for DGd-Fe > 0 because cancellation in DMI leads to reduction in DMI effectiveness in 
the sample. DGd-Fe < 0 scenario has the largest skyrmions because both ferromagnetic and 
antiferromagnetic are contributing to formation of a skyrmion, which means DMI is stronger 
overall. The trend of skyrmion’s radius in DGd-Fe > 0 scenario can also be explained by 
cancellation of DMI between ferromagnetic and antiferromagnetic pair. As DMI becomes larger, 
more cancellation in DMI leads to smaller skyrmion. Thus, with large DMI, skyrmion decreases 
as DMI increases in the case of DGd-Fe > 0.  
To determine the viability of using RE-TM alloys for skyrmion devices, simulations are also 
carried out at 300 K. Samples of 50.7 nm x 50.7 nm x 4.8 nm are simulated using atomistic 
stochastic LLG equation in Eq. (2). Since DMI is known decay away from the interface52-55, an 
exponential decay DMI is employed in the simulation. Fig. 4 shows the functional form of 
exponential decay DMI used in the simulation. In this model, DMI remains constant within 5 Å of 
the top and bottom interface, and start to decay exponential at 5 Å away from the interface.  
Fig. 5 summarizes the results of equilibrium spin configuration at 300 K. only ferrimagnetic 
states are observed with DGd-Fe > 0. As discussed earlier, with DGd-Fe > 0, cancellation of DMI 
between ferromagnetic and antiferromagnetic pair leads to unfavorable conditions for skyrmion 
formation. For the case of DGd-Fe = 0 and DGd-Fe < 0, small skyrmions of near 10 nm are found in 
the case of DGd-Fe = 0 and DGd-Fe < 0.  Skyrmions this small are very promising for improving 
density and efficiency in skyrmion based devices. Fig. 6 shows a comparison between atomistic 
simulation of GdFe and micromagnetic simulation of an equivalent ferromagnet. Using the same 
exponential decay DMI, much larger interfacial DMIis required to obtain skyrmion in the 
micromagnetic simulation of an equivalent ferromagnet. This demonstrates that internal spin 
structure in a ferrimagnet is essential to prolong the effect of DMI away from the interface. This 
DMI robustness in a ferrimagnet can be explained by the antiferromagnetic coupling between 
the two sublattices. Even without the presence of DMI, the spins in the Gd sublattice are known 
to be canted at room temperature31. With the presence of DMI, the spins in the Gd sublattice 
are easily guided by DMI and leads to formation of skyrmions. Thus, antiferromagnetic couplings 
can help to extend the influence of DMI, and increase stability of small skyrmions at room 
temperature.  
Conclusions 
Effect of interfacial DMI is investigated in amorphous ferrimagnetic GdFe using atomistic 
stochastic LLG algorithm. Three scenarios for the sign of DMI between Gd and Fe are considered. 
It is revealed that for a ferrimagnet, if the DMI between ferromagnetic pair and 
antiferromagnetic pair has the same sign, it leads to cancellation in DMI, and it is unfavorable 
for skyrmion formations. If the DMI between ferromagnetic pair and antiferromagnetic pair has 
opposite sign, it is advantageous for skyrmion formation, and small skyrmions of near ~10 nm 
are found to be stable at room temperature with exponential decay DMI. The antiferromagnetic 
couplings in ferrimagnet are uncovered to help extend the influence of DMI in thicker samples 
of ~ 5 nm. This discovery implies that antiferromagnetic coupling in ferrimagnet and 
antiferromagnet provides a favorable environment to stabilize small skyrmion at room 
temperature, which is an important recipe in developing high density and high efficiency 
skyrmion based device. 
Acknowledgements:  
This work is supported by DARPA 
References: 
1. Rößler, U. K., Bogdanov, A. N. & Pfleiderer, C. Spontaneous skyrmion ground states in 
magnetic metals. Nature 442, 797–801 (2006). 
2. Yu, X. Z. et al. Real-space observation of a two-dimensional skyrmion crystal. Nature 465, 
901–904 (2010). 
3. Yu, X.Z., Kanazawa, N., Zhang, W.Z., Nagai, T., Hara, T., Kimoto, K., Matsui, Y. Onose, Y. & 
Tokura, Y. Skyrmion flow near room temperature in an ultralow current density. Nat. 
Commun. 3, 988 (2012).  
4. Nagaosa, N. & Tokura, Y. Topological properties and dynamics of magnetic skyrmions. 
Nat. Nanotechnol. 8, 899-911 (2013).  
5. Sampaio, J., Cros, V., Rohart, S., Thiaville A. & Fert, A. Nucleation, stability and current-
induced motion of isolated magnetic skyrmions in nanostructures. Nat. Nanotechnol. 8, 
839-844 (2013). 
6. Jiang, W. et al. Blowing magnetic skyrmion bubbles. Science 349, 283–286 (2015). 
7. Büttner, F. et al. Dynamics and inertia of skyrmionic spin structures. Nat. Phys. 11, 225-
228 (2015).  
8. Romming, N. et al. Writing and deleting single magnetic skyrmions. Science 341, 636–
639 (2013). 
9. Romming, N., Kubetzka, A., Hanneken, C., von Bergmann, K. & Wiesendanger, R. Field-
dependent size and shape of single magnetic skyrmions. Phys. Rev. Lett. 114, 177203 
(2015). 
10. Boulle, O. et al. Room-temperature chiral magnetic skyrmions in ultrathin magnetic 
nanostructures. Nat. Nanotechnol. 11, 449-454 (2016). 
11. Zhang, X., Ezawa, M. & Zhou Y. Magnetic skyrmion logic gates: conversion, duplication 
and merging of skyrmions. Sci. Rep. 5, 9400 (2015).  
12. Tolley, R., Montoya, S.A. & Fullerton, E.E. Room-temperature observation and current 
control of skyrmions in Pt/Co/Os/Pt thin films. Phys. Rev. Mater. 2, 044404 (2018).  
13. Mühlbauer, S., Binz, B., Jonietz, F., Pfleiderer, C., Rosch, A., Neubauer, A., Georgii, R. & 
Böni, P. Skyrmion Lattice in a Chiral Magnet. Science 323, 915-919 (2009). 
14. Yu, X.Z., Kanazawa, N., Onose, Y., Kimoto, K., Zhang, W.Z., Ishiwata, S., Matsui, Y., &  
Tokura, Y. Near room-temperature formation of a skyrmion crystal in thin-films of the 
helimagnet FeGe. Nat. Mater. 10, 106–109 (2011). 
15. Woo, S. et al. Observation of room-temperature magnetic skyrmions and their current-
driven dynamics in ultrathin metallic ferromagnets. Nat. Mater. 15, 501–506 (2016). 
16. Soumyanarayanan, A. et al. Tunable room-temperature magnetic skyrmions in 
Ir/Fe/Co/Pt multilayers. Nat. Mater. 16, 898–904 (2017). 
17. Siemens, A., Zhang, Y., Hagemeister, J., Vedmedenko, E.Y. & Wiesendanger, R. Minimal 
radius of magnetic skyrmions: statics and dynamics. New. J. Phys. 18, 045021 (2016). 
18. Büttner, F., Lemesh I. & Beach G.S.D. Theory of isolated magnetic skyrmions: From 
fundamentals to room temperature applications. Sci. Rep. 8, 4464 (2018). 
19. Jiang, W. et al. Direct observation of the skyrmion Hall effect. Nat. Phys. 13, 162-169 
(2017).  
20. Litzius, K. et al. Skyrmion Hall effect revealed by direct time-resolved X-ray microscopy. 
Nat. Phys. 13, 170-175 (2017).  
21. Fert, A., Cros, V., Sampaio, J. Skyrmions on the track. Nat. Nanotechnol. 8, 152-156 
(2013).  
22. Tomasello, R., Martinez, E., Zivieri, R., Torres, L., Carpentieri, M. & Finocchio, G. A 
strategy for the design of skyrmion racetrack memories. Sci. Rep. 4, 6784 (2014).  
23. Woo, S. et al. Current-driven dynamics and inhibition of the skyrmion Hall effect of 
ferrimagnetic skyrmions in GdFeCo films. Nat. Commun. 9, 959 (2018). 
24. Lee, J. C. T. et al. Synthesizing skyrmion bound pairs in Fe-Gd thin films. Appl. Phys. Lett. 
109, (2016). 
25. Dzyaloshinsky, I. A thermodynamic theory of weak ferromagnetism of 
antiferromagnetics. J. Phys. Chem. Solids 4, 241–255 (1958). 
26. Moriya, T. Anisotropic superexchange interaction and weak ferromagnetism. Phys. Rev. 
120, 91–98 (1960). 
27. Dirks, A. G. & Leamy, H. J. Columnar microstructure in vapor-deposited thin films. Thin 
Solid Films 47, 219–233 (1977). 
28. Leamy, H. J. & Dirks, A. G. Microstructure and magnetism in amorphous rare-earth-
transition-metal thin films. II. Magnetic anisotropy. J. Appl. Phys. 49, 3430 (1978). 
29. Harris, V. G., Aylesworth, K. D., Das, B. N., Elam, W. T. & Koon, N. C. Structural origins of 
magnetic anisotropy in sputtered amorphous Tb-Fe films. Phys. Rev. Lett. 69, 1939–1942 
(1992). 
30. Harris, V. G. & Pokhil, T. Selective-Resputtering-Induced Perpendicular Magnetic 
Anisotropy in Amorphous TbFe Films. Phys. Rev. Lett. 87, 67207 (2001). 
31. Hansen, P., Clausen, C., Much, G., Rosenkranz, M. & Witter, K. Magnetic and magneto-
optical properties of rare-earth transition-metal alloys containing Gd, Tb, Fe, Co. J. Appl. 
Phys. 66, 756–767 (1989). 
32. Stanciu, C. D. et al. All-optical magnetic recording with circularly polarized light. Phys. 
Rev. Lett. 99, 47601 (2007). 
33. Savoini, M. et al. Highly efficient all-optical switching of magnetization in GdFeCo 
microstructures by interference-enhanced absorption of light. Phys. Rev. B 86, 140404(R) 
(2012). 
34. Ostler, T.A. et al. Ultrafast heating as a sufficient stimulus for magnetization reversal in a 
ferrimagnet. Nat. Commun. 3, 666 (2012). 
35. Hassdenteufel, A. et al. Thermally assisted all-optical helicity dependent magnetic 
switching in amorphous Fe100-xTbx alloy films. Adv. Mater. 25, 3122–3128 (2013). 
36. Kirilyuk, A., Kimel, A. V. & Rasing, T. Ultrafast optical manipulation of magnetic order. 
Rev. Mod. Phys. 82, 2731–2784 (2010). 
37. Kirilyuk, A., Kimel, A. V. & Rasing, T. Laser-induced magnetization dynamics and reversal 
in ferrimagnetic alloys. Rep. Prog. Phys. 76, 026501 (2013) 
38. Kimel, A. V. All-optical switching: Three rules of design. Nat. Mater. 13, 225–226 (2014). 
39. Magnin, S. et al. Engineered materials for all-optical helicity-dependent magnetic 
switching. Nat. Mater. 13, 286-292 (2014). 
40. Ostler, T. A. et al. Crystallographically amorphous ferrimagnetic alloys: Comparing a 
localized atomistic spin model with experiments. Phys. Rev. B 84, 24407 (2011). 
41. Radu, I. et al. Transient ferromagnetic-like state mediating ultrafast reversal of 
antiferromagnetically coupled spins. Nature 472, 205–208 (2011). 
42. Ellis, M. O. A., Ostler, T. A. & Chantrell, R. W. Classical spin model of the relaxation 
dynamics of rare-earth doped permalloy. Phys. Rev. B 86, 174418 (2012). 
43. Evans, R. F. L. et al. Atomistic spin model simulations of magnetic nanomaterials. J. Phys. 
Condens. Matter 26, 103202 (2014). 
44. Atxitia, U., Nieves, P. & Chubykalo-Fesenko O. Landau-Lifshitz-Bloch equation for 
ferrimagnetic materials. Phys. Rev. B 86, 104414 (2012).  
45. Chen, G., Ma, T., N’Diaye, A.T., Kwon, H., Won, C., Wu, Y. & Schmid A.K. Tailoring the 
chirality of magnetic domain walls by interface engineering. Nat. Commun. 4, 2671 
(2013). 
46. Hrabec, A., Porter, N.A., Wells, A., Benitez, M.J., Burnell, G., McVitie, S., McGrouther, D., 
Moore, T.A. & Marrows, C.H. Measuring and tailoring the Dzyaloshinskii-Moriya 
interaction in perpendicularly magnetized thin films. Phys. Rev. B 90, 020402(R) (2014). 
47. Stashkevich, A.A. et al. Experimental study of spin-wave dispersion in Py/Pt film 
structures in the presence of an interface Dzyaloshinskii-Moriya interaction. Phys. Rev. B 
91, 214409 (2015).  
48. Ma, X. et al. Interfacial control of Dzyaloshinskii-Moriya interaction in heavy 
metal/ferromagnetic metal thin film heterostructures. Phys. Rev. B 94, 180408(R) (2016). 
49. Tacchi, S., Troncoso, R.E., Ahlberg, M., Gubbiotti, G., Madami, M., Åkerman, J. & 
Landeros, P. Interfacial Dzyaloshinskii-Moriya Interaction in Pt/CoFeB Films: Effect of the 
Heavy-Metal Thickness. Phys. Rev. Lett. 118, 147201 (2017).  
50. Cho, J. et al. The sign of the interfacial Dzyaloshinskii–Moriyainteraction in ultrathin 
amorphous and polycrystalline magnetic films. J. Phys. D: Appl. Phys. 50, 425004 (2017). 
51. Simon, E., Rózsa, L., Palotás, K. & Szunyogh, L. Magnetism of a Co monolayer on Pt(111) 
capped by overlayers of 5d elements: A spin-model study. Phys. Rev. B 97, 134405 
(2018). 
52. Belmeguenai, M. et al. A. Interfacial Dzyaloshinskii–Moriya interaction in 
perpendicularly magnetized Pt/Co/AlOx ultrathin films measured by Brillouin light 
spectroscopy. Phys. Rev. B 91, 180405(R) (2015). 
53. Nembach, H.T., Shaw, J.M, Weiler, M., Jué E. & Silva, T.J. Linear relation between 
Heisenberg exchange and interfacial Dzyaloshinskii–Moriya interaction in metal films. 
Nature Phys. 11, 825-829 (2015).  
54. Yang, H., Thiaville, A., Rohart, S., Fert, A. & Chshiev, M. Anatomy of Dzyaloshinskii-
Moriya Interaction at Co/Pt Interfaces. Phys. Rev. Lett. 118, 219901 (2017) 
55. Belmeguenai, M. et al. Thickness Dependence of the Dzyaloshinskii-Moriya Interaction 
in Co2FeAl Ultrathin Films: Effects of Annealing Temperature and Heavy-Metal Material. 
Phys. Rev. Appl. 9, 044044 (2018).  
56. Sheng, H.W., Luo, W.K., Alamgir, F.M., Bai, J.M., & Ma, E. Atomic packing and short-to-
medium-range order in metallic glasses. Nature 439, 419-425 (2006). 
 
Parameter Value 
Gyromagnetic ratio (ϒ) 2.0023193 
Gilbert Damping (α) 0.05 
Gd moment (μGd) 7.63 μB 
Fe moment (μFe) 2.217 μB 
Gd-Gd exchange constant (JGd-Gd)  1.26 x 10
-21 J 
Fe-Fe exchange constant (JFe-Fe) 3.82 x 10
-21 J 
Gd-Fe exchange constant (JGd-Fe) -1.09 x 10
-21 J 
Table. 1 Values of parameters used in the simulation. 
  
Figure 1 Amorphous structure of RE25TM75 from ab initio molecular dynamics calculations. Red 
atoms are rare-earth, and blue atoms are transitional-metal. 
Results and Discussion 
 
Figure 2 Equilibrium spin configurations for various DMI (uniform DMI) at 0K for three 
scenarios of DGd-Fe. Parameters used here are listed in Table 1 with Magnetic field     is 0.01 T, 
anisotropy energy K is 0.3 x 105 J/m3(distributed within a 45 degree cone), and simulation space 
is 50.7 nm x 50.7 nm x 1.6 nm. For DFe-Fe = 0.25 x 10
-22 J, DGd-Gd = 2.89 x 10
-22 J, and |DGd-Fe| = 0 or 
0.85 x 10-22 J. For DGd-Fe = 0 and DGd-Fe < 0, the skyrmions size increases with DMI. On the other 
hand, for DGd-Fe > 0, the skyrmion size first increases with DMI at small DMI, then decreases at 
larger DMI value.  
 
Figure 3 Skyrmions wall chirality for three scenarios of DGd-Fe. For DGd-Fe = 0 and DGd-Fe < 0, the 
skyrmions wall is rotating counter-clockwise. On the other hand, for DGd-Fe > 0, the skyrmion wall 
is rotating clockwise.  
 
Scenario EDMI(Gd-Gd)  EDMI(Fe-Fe)  EDMI(Gd-Fe)  
DGd-Gd, DFe-Fe > 0, DGd-Fe = 0 - - 0 
DGd-Gd, DFe-Fe > 0, DGd-Fe > 0 + + - 
DGd-Gd, DFe-Fe > 0, DGd-Fe < 0 - - - 
Table. 2 Sign of total DMI energy EDMI computed from equilibrium spin configurations at 0 K.   
 
Figure 4 Plot of exponential decay DMI as function of distance from bottom interface (z). In 
this model, DMI remains constant within 5 Å of the top and bottom interface, as indicated by 
the red line. At the center of the 4.8 nm sample, the strength of DMI decays exponentially as 
shown.  
 Figure 5 Equilibrium spin configurations for various DMI (exponential decay DMI) at 300K for 
three scenarios of DGd-Fe. Parameters used here are listed in Table 1 with Magnetic field     is 
0.01 T, anisotropy energy K is 0.3 x 105 J/m3(distributed within a 45 degree cone), and simulation 
space is 50.7 nm x 50.7 nm x 4.8 nm. For DFe-Fe = 0.25 x 10
-22 J, DGd-Gd = 2.89 x 10
-22 J, and |DGd-Fe| = 
0 or 0.85 x 10-22 J. At 300K with exponential decay DMI, skyrmions are only found to exist with 
DGd-Fe = 0 and DGd-Fe < 0.  
 
Figure 6 Equilibrium spin configurations from atomistic simulation of GdFe at 300 K (left) and 
micromagnetic simulation of an equivalent ferromagnet at 0 K (right).  
 
